Introduction
============

Recently, the mental health status of students has become a hot topic in public health, higher education, and research policy.[@b1-prbm-12-195]--[@b3-prbm-12-195] Depression and anxiety are two of the most common psychological disorders. Researchers have reported depression and anxiety among students in several countries and in numerous disciplines, such as counseling, medicine, law, and psychology.[@b4-prbm-12-195]--[@b14-prbm-12-195] Depression is defined as a mood that includes a feeling of hopelessness, helplessness, or worthlessness.[@b2-prbm-12-195] Anxiety is an emotion characterized by unpleasant inner feelings, which is accompanied by caution, complaints, meditation, nervousness, and worry.[@b5-prbm-12-195] Depression and anxiety can affect a person's behavior, academic performance, and general health, as well as quality of sleep, eating habits, and well-being.[@b8-prbm-12-195] In addition, it has been confirmed that depression and psychological distress influence suicidal ideation in undergraduate and graduate students.[@b15-prbm-12-195]--[@b18-prbm-12-195] However, mental health among doctoral students has been relatively ignored by researchers and educational experts. It has only been in the last 2 years that this topic has begun to attract more and more attention.

A doctoral student's school career is full of hardships and happiness. Doctoral students frequently feel a sense of urgency, worry, and stress as they work toward their doctoral degrees. In addition to financial support and future employment, doctoral students worry about writing a thesis, publishing papers, and handling relationships with advisors. In recent years, a few scholars have explored the prevalence of mental health problems among PhD students.[@b3-prbm-12-195],[@b12-prbm-12-195],[@b19-prbm-12-195]--[@b21-prbm-12-195] In 2013, Levecquea et al investigated PhD students in Belgium. They concluded that approximately half the PhD students in Flanders had at least two symptoms, and 32% reported at least four symptoms on the 12-item General Health Questionnaire (GHQ12).[@b3-prbm-12-195] According to a 2015 survey at the University of California, approximately half the PhD students in science and engineering were depressed.[@b12-prbm-12-195] Springer Nature did a survey of PhD students in 2017, and confirmed that 12% reported seeking help for anxiety or depression caused by PhD studies.[@b20-prbm-12-195] A 2018 survey of graduate students via social media revealed that 41% of graduate students scored in the moderate--severe range for anxiety and 39% scored in the moderate--severe range for depression.[@b21-prbm-12-195] Doctoral students with mental health issues are more likely to drop out of PhD programs.[@b22-prbm-12-195] The high attrition rate in PhD programs caused by the dropout of PhD students with psychological illness is damaging to research institutions and the whole research industry.[@b23-prbm-12-195] However, there have been few reports on the mental health of doctoral students in medical universities.

Students in medical schools engage in rigorous medical training.[@b24-prbm-12-195],[@b25-prbm-12-195] Previous studies have demonstrated that medical students have more pressure, more burnout, and a greater prevalence of mental health disorders than the general population or students in other disciplines.[@b26-prbm-12-195]--[@b31-prbm-12-195] Medical training varies considerably by discipline, institution, and country. US and Canadian medical students enter medical education systems after they receive a bachelor's degree.[@b32-prbm-12-195],[@b33-prbm-12-195] In China, students can enter medical schools after graduating from high school (similarly to the UK and France). In general, there is an entrance examination required for students with a master's degree who would like to study for doctoral degrees. Doctoral students need another 3 years to earn a doctoral degree, allowing for an extension of 3 years. Master's degree candidates in grade two have the choice to apply for a master--doctor combined-training program (a total of 5 years for a doctoral degree, allowing an extension of 3 years). Doctoral students can be either full-time or part-time students. Part-time doctoral students are those who are studying doctoral courses while working in clinical settings or having another job. As such, for clinical doctoral students, some are still fully engaged in clinical work while earning their doctoral degree, whereas others are temporarily away from clinical work to concentrate on the doctoral program research. It is a bit too much to expect clinical doctoral students to do clinical work and research at the same time throughout their doctoral training.

Sociodemographic variables, such as age, sex, and marital status, have been reported to be associated with the mental health of postgraduate students.[@b8-prbm-12-195],[@b10-prbm-12-195] However, sex differences in depression among medical students have also yielded mixed results, showing either no difference or high prevalence among female or male medical students.[@b27-prbm-12-195],[@b29-prbm-12-195],[@b33-prbm-12-195] Further exploration among doctoral students is still needed. The execution phase during doctoral study has been shown to be prone to mental health problems among doctoral students.[@b3-prbm-12-195] Additionally, researchers have suggested that work--life balance is the key factor related to the mental health problems of postgraduate students.[@b3-prbm-12-195],[@b21-prbm-12-195] Employed doctoral students work full time or part time while they are studying for their doctoral degree. In this case, conflict concerns not only balancing family and work but also completing the doctoral program itself. Few scholars have focused on the conflicts among family, work, and a doctoral program. Getting married and raising children also puts a strain on doctoral students. Doing experiments, writing a doctoral thesis, and publishing doctoral qualification papers requires considerable time, energy, and financial resources.

Mentorship effectiveness and mentoring functions are thought to be vital to graduate-student programs.[@b34-prbm-12-195],[@b35-prbm-12-195] Mentors have a great responsibility to guide their doctoral students through the doctoral program. Advisor mentoring affects student-research self-efficacy, productivity, and development as a scientist.[@b36-prbm-12-195]--[@b38-prbm-12-195] Recently, a study explored the effect of a supervisor's leadership style on the mental health of graduate students.[@b3-prbm-12-195] Nearly half the doctoral students who withdrew from the doctoral program reported experiencing insufficient supervision, highlighting the fact that good supervision was important for completing the doctoral program.[@b39-prbm-12-195],[@b40-prbm-12-195] A survey in 2018 indicated that a weak relationship with a mentor is a common characteristic of most graduate students who experience anxiety and/or depression.[@b21-prbm-12-195]

Research self-efficacy refers to the individual's confidence in the successful completion of various aspects of the scientific research process,[@b41-prbm-12-195] such as data collection, performing experimental procedures, and writing papers.[@b42-prbm-12-195] Studies have evaluated the important role of research self-efficacy in research training. Self-efficacy is a factor that affects how much effort students spend on research tasks and how long they persist when they experience difficulties.[@b43-prbm-12-195] Some universities in the US have used research self-efficacy to evaluate the effects of degree programs on graduate research ability.[@b44-prbm-12-195] A study has shown that research self-efficacy can predict the research interest and knowledge of doctoral students.[@b45-prbm-12-195] Some researchers have reported that high research self-efficacy is correlated with future research involvement and research productivity.[@b46-prbm-12-195],[@b47-prbm-12-195] It was suggested that research self-efficacy could play a mediating role between the research-training environment and scientific research output. Furthermore, the relationship between stress and depression has been shown to be mediated by stress management self-efficacy.[@b48-prbm-12-195] Interestingly, the length of student--advisor relationships has been reported to be significantly correlated with student research self-efficacy.[@b36-prbm-12-195] Moreover, among agricultural students, research self-efficacy has been found to be negatively associated with research anxiety.[@b49-prbm-12-195] Therefore, the higher the students' research self-efficacy, the lower their research anxiety. However, it is not clear whether scientific research self-efficacy is correlated with levels of generalized anxiety.

In this study, we aimed to investigate the prevalence of depression and anxiety among doctoral students in a medical university in China, determine factors that are associated with depression and anxiety, determine whether mentoring relationships and research self-efficacy are associated with depression and anxiety, and test whether mentoring relationships mediate the association between research self-efficacy and depression/anxiety.

Methods
=======

Participants
------------

We recruited doctoral students from October to November 2017 using a combination of snowball sampling and stratified sampling from five medical schools and four affiliated clinical hospitals at a medical university in northeast China. This university has the authority to grant doctoral degrees in six major disciplines (basic medicine, clinical medicine, biology, stomatology, public health and preventive medicine, and nursing), including 49 different majors. Our inclusion criteria were still studying at the medical university, had not yet earned a PhD degree, enrollment in a successive postgraduate and doctoral program, and no history of depression or anxiety before entering medical school. A total of 437 doctoral students (218 male, 219 female) were enrolled. This study received approval from the Committee for Human Trials of China Medical University (CMU17/375/R). Written informed consent was obtained from all participants before they entered the experiment. All questionnaires were filled out anonymously and confidentially.

Sociodemographic and doctoral factors
-------------------------------------

Doctoral students' sociodemographic status included age, sex, marital status, children, and income. In addition, we selected some doctoral characteristics that might affect the mental health of doctoral students. We asked participants whether they had been employed before doctoral enrollment. Clinical doctoral students refers to students who were doing clinical work while earning their doctoral degree. Grade was measured assigned to one of four categories (1, first year; 2, second year; 3, third year; 4, fourth year or above). Mentors meet with their doctoral students regularly or irregularly. They come together and analyze the latest literature, discuss the research direction or experimental methods, and revise the thesis. Therefore, the frequency of these meetings can reflect the strength of the relationship from a certain quantitative angle. The frequency with which doctoral students met with mentors was measured with one item: "On average, how often do you meet with your advisor? (1, at least once a week; 2, at least once a month; 3, seldom)". In most medical universities, doctoral students are required to publish at least one academic paper indexed by the Science Citation Index or Social Science Citation Index. Only when this qualification has been reached are doctoral students able to apply for a doctoral degree. The perceived difficulty in publishing a doctoral qualification paper was assessed by one item: "How much effort do you think it takes to publish doctoral qualification papers? (1, a little bit of effort; 2, some effort; 3, a lot of effort). Considering that the total time and energy of doctoral students is limited, we asked the doctoral students, "Do you have difficulty in balancing work, family, and the PhD program? (1, almost no difficulty; 2, some difficulty; 3, great difficulty)".

Depression questionnaire
------------------------

We chose the nine-item Patient Health Questionnaire (PHQ-9)[@b50-prbm-12-195] to evaluate depression among doctoral students. Each item is measured on a 4-point Likert-like scale (0, not at all; 3, almost every day) based on the frequency of depression symptoms over the last 2 weeks. Total scores range from 0 to 27. A higher PHQ-9 score represents more serious depression (0--4, none--minimal; 5--9, mild; 10--14, moderate; 15--19, moderately severe; 20--27, severe). In general, a diagnosis of depression can only be arrived at after clinical assessment by a mental health professional. With such questionnaires as the PHQ-9, it has been shown that at certain cutoffs there is good correlation with diagnostic interviews. PHQ-9 scores of 10 or above had a sensitivity of 88% and a specificity of 88% for major depressive disorder.[@b50-prbm-12-195] The Chinese version of the PHQ-9 has been used in older people and hospital inpatients, with sound reliability. In the current study, Cronbach's alpha for the PHQ-9 scale was 0.918.

Anxiety questionnaire
---------------------

We used the seven item Generalized Anxiety Disorder (GAD-7) to indicate the degree of anxiety among doctoral students.[@b51-prbm-12-195] The GAD-7 contains seven items that are rated on a 4-point Likert-like scale (0, not at all; 3, almost every day). The total score ranges from 0 to 21. A higher GAD-7 score indicates more serious anxiety (0--4, none--minimal; 5--9, mild; 10--14, moderate; 15--21, severe). Using a threshold score of 10, the GAD-7 has a sensitivity of 89% and a specificity of 82% for major generalized anxiety disorder.[@b51-prbm-12-195] The Chinese version of the GAD-7 has been used in outpatients with satisfactory reliability. In the present study, Cronbach's alpha for the GAD-7 scale was 0.946.

Mentoring-relationship questionnaire
------------------------------------

The 30-item Advisory Working Alliance Inventory-student version (AWAI-S) was used to assess the mentoring relationship from the student's perspective.[@b36-prbm-12-195] This scale is a brief, self-reported measure designed on the basis of the Working Alliance model. Its developer, Schlosser, believed that a favorable supervisory alliance was vital to outcomes.[@b52-prbm-12-195] The scale has had good reliability in previous studies.[@b53-prbm-12-195] The AWAI-S consists of three domains: rapport (11 items), apprenticeship (14 items), and identification-individuation (5 items). Each item is rated on a 5-point Likert scale (1, strongly disagree; 5, strongly agree). The AWAI-S scale contains 16 reverse-scoring questions. High scores (after reverse scoring) suggest that the advisee has a strong mentoring relationship with the advisor. The internal consistency of AWAI-S scores from previous studies ranged from 0.84 to 0.95[@b36-prbm-12-195],[@b54-prbm-12-195] and was 0.95 in this study.

Research Self-Efficacy Scale
----------------------------

The Research Self-Efficacy Scale (RSES) was used to measure the doctoral students' perceived ability to fulfill various research-related tasks.[@b55-prbm-12-195] The RSES comprises 50 items with four subscales: conceptualization (18 items), implementation (19 items), early tasks (5 items), and presenting the results (8 items). Individuals were asked to mark the tasks they perceived they could perform. The strength of each item was rated on a 10-point scale ranging from 0 (no confidence) to 10 (complete confidence). A total RSES score was calculated, ranging from 75 to 500. A higher score indicates higher self-efficacy. The internal consistency of RSES scores was 0.98 in the present study.

Data analysis
-------------

We used SPSS 17.0 for all statistical analyses. We investigated demographic and doctoral characteristics using ANOVA for continuous variables and chi-squared for categorical data. Correlations among depression, anxiety, mentoring relationships, and research self-efficacy were examined by Pearson correlation. We performed hierarchical linear regression analysis to explore the association of mentoring relationship and research self-efficacy with depression/anxiety. In this study, depression and anxiety were modeled as dependent variables, RSES as an independent variable, AWAI-S as a mediator, and sociodemographic and doctoral variables as controlled variables. In step 1 of the regression, sociodemographic and doctoral variables were entered as controlled variables. Because linear hierarchical regression analysis requires continuous variables, the grade, frequency of meeting with a mentor, difficulty in publishing a doctoral qualification paper, and difficulty in balancing work--family--doctoral program was dummy coded. In step 2 of the regression, research self-efficacy was added. In step 3, the mentoring relationship was added. The asymptotic and resampling method was used to examine mentoring relationship as potential mediator in the association between research self-efficacy and depression/anxiety, based on 5,000 bootstrap samples.[@b56-prbm-12-195] A bias-corrected and accelerated (BC~a~) 95% CI was used to estimate mediation. If the BC~a~ 95% CI excludes 0, this indicates that the mediation is significant. All statistical tests were two-sided (α=0.05). *P*\<0.05 was considered statistically significant.

Results
=======

Sociodemographic and doctoral characteristics of respondents
------------------------------------------------------------

After exclusion of 45 doctoral students who refused to fill out questionnaires, the 392 who completed the questionnaires were included. A total of 67 questionnaires with missing values \>10% were deemed invalid. As such, we collected 325 valid responses. The effective response rate was 74.37%. The mean age of the participants was 31.1±5.3 (23--47) years. Of the 325 respondents, 60.3% were female, 50.8% married or lived with a partner, and 40% had one or more child. The monthly income for 56.6% of respondents was \<CN¥3,000 per month (equivalent of local per capita income), 50.8% had been employed before doctoral enrollment, and 40.6% were clinical doctoral students. Furthermore, 13.8% seldom met with their mentors, 37.2% thought they should try their best to publish a PhD qualification paper, and 31.1% reported that they had difficulty in balancing work--family--PhD ([Table 1](#t1-prbm-12-195){ref-type="table"}).

Sociodemographic and doctoral characteristics by depression and anxiety
-----------------------------------------------------------------------

The prevalence of clinical depression was 23.7% (moderate, moderately severe, and severe) and the prevalence of clinical anxiety was 20.0% (moderate and severe; [Tables 2](#t2-prbm-12-195){ref-type="table"} and [3](#t3-prbm-12-195){ref-type="table"}). Factors that were significantly different among respondents at varying levels of depression included age, marital status, having children, employment, grade, frequency of meeting with mentors, difficulty in publishing, and difficulty in balancing work--family--doctoral program. Factors that were significantly different among respondents at varying levels of anxiety included being a clinical doctoral student, frequency of meeting with mentors, difficulty in publishing, and difficulty in balancing work--family--doctoral program.

Means and correlations among age and PHQ-9, GAD-7, AWAI-S, and RSES scores
--------------------------------------------------------------------------

Mean scores for the PHQ-9, GAD-7, and AWAI-S and their correlations with each other and age are presented in [Table 4](#t4-prbm-12-195){ref-type="table"}. Age was positively associated with the PHQ-9. However, there was no significant effect of age on the GAD-7. Both PHQ-9 and GAD-7 scores were negatively associated with AWAI-S and RSES scores.

Associations of mentoring relationship and research self-efficacy with depression/anxiety
-----------------------------------------------------------------------------------------

As shown in [Tables 5](#t5-prbm-12-195){ref-type="table"} and [6](#t6-prbm-12-195){ref-type="table"}, sociodemographic and doctoral variables contributed to 17.7% of the variance in PHQ-9 scores and to 18.3% of the variance in GAD-7 scores. Doctoral students in their fourth year had greater PHQ-9 and GAD-7 scores than first-year doctoral students. Compared with those who met with their mentors at least once a week, doctoral students who met with their mentors only once a month had higher PHQ-9 and GAD-7 scores. Moreover, respondents who reported that they had to try their best to publish doctoral qualification papers had higher PHQ-9 and GAD-7 scores than those who felt they only had to put forth a little effort. Finally, doctoral students who had great difficulty in balancing work--family--doctoral program exhibited a higher level of depression and anxiety than those who had almost no difficulty.

After adjustment for controlled variables, the RSES was negatively associated with depression (*b*=−0.211, *P*\<0.001) and anxiety (*b*=−0.242, *P*\<0.001), and accounted for 3.8% of the variance for depression and 5.0% of the variance for anxiety. In step 3, the AWAI-S was negatively associated with depression (*b*=−0.257, *P*\<0.001) and anxiety (*b*=−0.246, *P*\<0.001), and accounted for 5.3% of the variance for depression and 4.9% of the variance for anxiety. In step 3, when the AWAI-S was added, the absolute value of RSES *b* was diminished. Therefore, the AWAI-S might be a mediator in the association between research self-efficacy and depression/anxiety.

Mediating role of mentoring relationship
----------------------------------------

As shown in [Table 7](#t7-prbm-12-195){ref-type="table"} and [Figure 1](#f1-prbm-12-195){ref-type="fig"}, research self-efficacy had a significantly negative correlation with depression/anxiety (c). Research self-efficacy correlated with the mentoring relationship (a). Mentoring relationship correlated with depression/anxiety negatively (b). BC~a~ 95% CI for a×b of the mentoring relationship did not include 0, indicating that mentoring relationship partially mediated the relationship between research self-efficacy and depression/anxiety (c'). Mentoring relationship explained 37.68% of the variance for depression and 29.73% of the variance for anxiety.

Discussion
==========

We found that depression and anxiety symptoms are common among doctoral students in medical universities. Approximately 41.2% of doctoral students showed symptoms of mild depression and 23.7% showed signs of moderate--severe depression. Moreover, 33.5% of the students had mild anxiety symptoms and 20.0% had moderate--severe anxiety symptoms. Researchers worldwide have used the same scales to carry out epidemiological surveys on depression and/or anxiety. An investigation indicated that 53.8% of undergraduate college students at Emory University had moderate--severe depression.[@b57-prbm-12-195] In 2017, it was reported that 29.2% of medical students in Nepal had moderate--severe depression.[@b58-prbm-12-195] Evans et al conducted a survey that included 90% PhD students and 10% master's students. Results suggested that 39% of postgraduates had moderate--severe depression and 41% moderate--severe anxiety.[@b21-prbm-12-195] Differences in terms of score and positive rate might be related to differing methodologies. Levesque et al found that 33.33% of doctoral students experienced a common psychiatric disorder (GHQ12), such as depression. A PhD candidate was 2.4 times more likely to develop psychiatric health problems than someone in the general population with a bachelor's degree.[@b3-prbm-12-195] Bernstein reported that 42% of PhD students in science and 48% of PhD students in engineering at the University of California were depressed on the Center for Epidemiologic Studies Depression Scale.[@b12-prbm-12-195] The psychological stress of medical doctoral students is much higher than that of students with other majors, and students in medical schools have more symptoms of depression than the general population.[@b26-prbm-12-195],[@b29-prbm-12-195] However, few reports have focused on the mental health of doctoral students in Chinese medical universities.

Research self-efficacy negatively correlated with depression and anxiety. However, few researchers have reported such an association. Mee found that self-efficacy mediated the relationship between smoking behavior and depression.[@b59-prbm-12-195] Pu et al verified that dispositional optimism partially mediated the relationship between self-efficacy and depression.[@b60-prbm-12-195] Razavi et al reported a negative relationship between self-efficacy (General Self-Efficacy Questionnaire) and research anxiety among master's and PhD students at Islamic Azad University.[@b61-prbm-12-195] In addition, we found that research self-efficacy (RSES) and mentoring relationship (AWAI-S) correlated significantly. This result was consistent with a previous study.[@b64-prbm-12-195] Research self-efficacy has often been studied in relation to research-training environments and research productivity.[@b47-prbm-12-195],[@b62-prbm-12-195] Lambie et al found that among PhD students, research self-efficacy was associated with research interest and knowledge.[@b45-prbm-12-195]

Our study indicated that the association between research self-efficacy and depression/anxiety was partly mediated by the mentoring relationship. As for strategies for promoting research self-efficacy of doctoral students, Overall et al found that high levels of autonomy and strong levels of academic support were associated with higher levels of research self-efficacy. Likewise, students with lower research self-efficacy experienced lower levels of autonomy and lower levels of personal support.[@b44-prbm-12-195] Love et al reported that supportive peers or supervisors contributed to positive research experience. Positive team-research experiences were able to predict research self-efficacy.[@b63-prbm-12-195] As such, the correlation between mentoring relationship and research self-efficacy might be bidirectional.

Our results also indicated that mentoring relationship correlated with depression and anxiety. Studies suggest that the mentoring relationship is positively correlated with research self-efficacy and negatively correlated with student stress.[@b53-prbm-12-195],[@b54-prbm-12-195],[@b64-prbm-12-195],[@b65-prbm-12-195] Peluso et al found that the academic advisor relationship played a role in protecting the mental health of experimental psychology students in Canada.[@b10-prbm-12-195] Gottschall also showed a significant association between a harmonious mentoring relationship (RHI-M subscale) and decreased depressive symptoms among Canadian graduate students.[@b66-prbm-12-195] In addition, Lunsford suggested that mentoring by doctoral advisors correlated with student outcomes, including satisfaction and academic production.[@b37-prbm-12-195]

Most importantly, we found that mentoring relationship mediated the correlation between research self-efficacy and depression/anxiety. As far as we know, this issue has not been studied before. The empirical findings in this study have very important applications for general doctoral training strategies and specific interventions for depression and anxiety. The mediating effect suggests that active strategies and interventions that promote research self-efficacy and mentoring relationships might benefit the mental health of doctoral students. Developing courses related to choosing research topics, performing experiments, analyzing data, and writing papers are good strategies for improving research self-efficacy. We should encourage doctoral students to participate in research practices and academic exchange. In addition, we should monitor mentoring relationships, depression, and anxiety by mixed methods at regular intervals, with students' permission. If we find poor relationships between mentors and their mentees, we must recognize this issue's importance and adopt flexible methods to deal with it. For example, we should allow the student to change mentors or give them more research support from another faculty.

The percentage of scores that could be categorized as depression and anxiety in the fourth year or above was higher than that in any other grade. Senior students might face more pressure from the institution, the need to graduate, financial burdens, and finding a job than is faced by more junior students. Our findings are in line with a survey in Vietnam, which indicated that major depression and general anxiety rates of medical students were higher in the fifth grade than in the first grade.[@b67-prbm-12-195] In contrast, a study of undergraduates in Brazil discovered that 30.8% of first-year students and 9.4% of sixth-year students presented anxiety.[@b68-prbm-12-195] Levecque et al observed that mental health problems were more prevalent at the beginning of the PhD program than in the execution phase. This difference with our results could be due to cross-cultural differences in training systems and graduation requirements.

The frequency with which mentees met with their mentors showed a significant relationship with depression and anxiety. This measure is a function of the mentors in terms of quantity. Under great academic pressure, doctoral students who often met with their mentors were less stressed than those who seldom met with their mentors. An ideal situation is that the advisor is accessible at almost all times. Besides weekly group meetings, students should schedule a weekly one-on-one session with an advisor. Students who meet less frequently with their mentor are more likely to be depressed when they encounter difficulties. Moreover, the duration of each meeting and the content of the meeting might also play a vital role in completion of the doctoral program.

Our results also suggest that difficulty in publishing a doctoral qualification paper has a significant effect on depression and anxiety. This has also become one of the main factors preventing students from completing the doctoral degree. Certainly, doctoral students who have greater academic self-efficacy might have less academic pressure and a low risk of mental health problems. In recent years, many policies have been implemented to increase the number of doctoral students enrolled, develop master--doctor combined programs, and expand the requirements for a doctoral degree. However, the cultivation of mentoring ability, availability of funding for doctor training, and assistance for doctoral students in mastering experiments and writing papers are still lacking. Such problems might not only be related to increasing the risk of mental health disorders but might also correlate with deferred graduation, increased dropout rates, and academic misconduct.

Finally, it has been shown that doctoral students who have difficulty in balancing work--family--doctoral program will have a greater risk of depression and anxiety than those who have almost no difficulty. An imbalance among family, work, and doctoral program places great pressure on doctoral students and seriously hampers their progress in doctoral programs, which leads to poorer mental health and even poorer physical health. Although the effect of work--life balance on mental health has been identified in the past,[@b69-prbm-12-195],[@b70-prbm-12-195] only in recent years has work--life--doctoral program balance been taken seriously. Sapey, a scientist in the UK, has pointed out that work--life balance in academia is a challenge for her.[@b71-prbm-12-195]--[@b73-prbm-12-195] She said that she has balanced two vocations (clinical and academic work) and a family (mother of a child), sometimes very badly, sometimes reasonably, and only very, very occasionally has she handled it very well. Is there any successful family--work--doctoral program balance experience from which to learn? Bellucci and Nancy performed a qualitative investigation of PhD nursing students in the US, and suggested that multiple time management and stress management strategies would play a crucial role in balancing the responsibilities of work, family, and a PhD program.[@b74-prbm-12-195] Martinez et al interviewed full-time doctoral education students and categorized balancing school--work--life into four themes: purposeful management, well-being, support, and tradeoffs.[@b75-prbm-12-195]

Limitations
===========

Several limitations of this study should be mentioned. First, we performed only an exploratory survey of doctoral students in a medical university. We will perform a multicenter investigation in multiple cities in the future. Second, it was a cross-sectional study. The results of this study did not reveal causality. We expect to conduct a longitudinal study on associated themes. Further studies should include qualitative measures as well.

Conclusion
==========

Our study has provided insight into the prevalence and factors associated with depression and anxiety among doctoral students in China. Our study revealed that 23.7% of doctoral students showed signs of depression and 20.0% signs of anxiety. Our findings indicated that research self-efficacy and mentoring relationships were protective factors for depression and anxiety. Mentoring relationship mediated the association between research self-efficacy and depression/anxiety. In addition, we revealed that the frequency of meeting with mentors, difficulty in publishing a doctoral qualification paper, and difficulty in balancing work--family--doctoral program were significantly associated with both depression and anxiety. Our findings also indicated that year in school was also associated with depression and anxiety. These findings suggest that policymakers and managers in medical universities should pay close attention to the mental health of doctoral students. Potential interventions might include (but are not limited to) promoting research self-efficacy of doctoral students, monitoring the mentoring relationship, and developing courses that teach how to perform various tasks necessary for obtaining a doctoral degree.
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###### 

Sociodemographic and doctoral characteristics of respondents (n=325)

  Characteristics                                          n     \%
  -------------------------------------------------------- ----- ------
  **Sociodemographic variables**                           325   
  Age (years)                                                    
   ≤25                                                     30    9.2
   26--30                                                  151   46.5
   ≥31                                                     144   44.3
  Sex                                                            
   Male                                                    129   39.7
   Female                                                  196   60.3
  Marital status                                                 
   Married/living with partner                             165   50.8
   Single/widowed/divorced                                 160   49.2
  Have children                                                  
   No                                                      195   60
   One or more                                             130   40
  Income (CN¥ per month)                                         
   ≤3,000                                                  184   56.6
   3,001--5,000                                            30    9.2
   ≥5,001                                                  111   34.2
  **Doctoral variables**                                         
  Employment before doctoral enrollment                          
   No                                                      160   49.2
   Yes                                                     165   50.8
  Clinical doctoral student                                      
   No                                                      193   59.4
   Yes                                                     132   40.6
  Grade                                                          
   First year                                              71    21.8
   Second year                                             121   37.2
   Third year                                              116   35.7
   Fourth year or above                                    17    5.23
  Frequency of meeting with mentor                               
   At least once a week                                    193   59.4
   At least once a month                                   87    26.8
   Seldom                                                  45    13.8
  Difficulty in publishing doctoral qualification paper          
   A little bit of effort                                  56    17.2
   Some effort                                             148   45.5
   A lot of effort                                         121   37.2
  Difficulty in balancing work--family--doctoral program         
   Almost no difficulty                                    98    30.2
   Some difficulty                                         126   38.8
   Great difficulty                                        101   31.1

###### 

Sociodemographic and doctoral characteristics by depression (n=325)

  Characteristics                                                 Depression                                                  
  --------------------------------------------------------------- ------------ ----------- ----------- ----------- ---------- ---------
  **Sociodemographic variables**                                                                                              
  Age (years), n (%)                                                                                                          0.023
   ≤25                                                            15 (50.0)    11 (36.7)   3 (10.0)    1 (3.3)     0          
   26--30                                                         57 (37.7)    60 (39.7)   21 (13.9)   7 (4.6)     6 (4.0)    
   ≥31                                                            42 (29.2)    63 (43.8)   14 (9.7)    18 (12.5)   7 (4.9)    
  Sex, n (%)                                                                                                                  0.475
   Male                                                           45 (34.9)    51 (39.5)   20 (15.5)   9 (7.0)     4 (3.1)    
   Female                                                         69 (35.2)    83 (42.3)   18 (9.2)    17 (8.7)    9 (4.6)    
  Marital status, n (%)                                                                                                       0.016
   Married/living with partner                                    52 (31.5)    71 (43.0)   14 (8.5)    20 (12.1)   8 (4.8)    
   Single/widowed/divorced                                        62 (38.8)    63 (39.4)   24 (15.0)   6 (3.8)     5 (3.1)    
  Have children, n (%)                                                                                                        0.002
   No                                                             79 (40.5)    74 (37.9)   27 (13.8)   8 (4.2)     7 (3.6)    
   One or more                                                    35 (26.9)    60 (46.2)   11 (8.5)    18 (13.8)   6 (4.6)    
  Income (CN¥ per month), n (%)                                                                                               0.982
   ≤3,000                                                         69 (37.5)    72 (39.1)   25 (13.6)   11 (6.0)    7 (3.8)    
   3,001--5,000                                                   13 (43.3)    10 (33.3)   2 (6.7)     2 (6.7)     3 (10.0)   
   ≥5,001                                                         32 (28.8)    52 (46.8)   11 (9.9)    13 (11.7)   3 (2.7)    
  **Doctoral variables**                                                                                                      
  Employment before doctoral enrollment, n (%)                                                                                0.021
   No                                                             68 (42.5)    57 (35.6)   21 (13.1)   8 (5.0)     6 (3.8)    
   Yes                                                            46 (27.9)    77 (46.7)   17 (10.3)   18 (10.9)   7 (4.2)    
  Clinical doctoral students, n (%)                                                                                           0.221
   No                                                             74 (38.3)    79 (40.9)   23 (11.9)   12 (6.2)    5 (2.6)    
   Yes                                                            40 (30.3)    55 (41.7)   15 (11.4)   14 (10.6)   8 (6.0)    
  Grade, n (%)                                                                                                                0.040
   First year                                                     37 (52.1)    20 (28.2)   10 (14.1)   2 (2.8)     2 (2.8)    
   Second year                                                    42 (34.7)    54 (44.6)   11 (9.1)    9 (7.4)     5 (4.1)    
   Third year                                                     32 (27.6)    53 (45.7)   14 (12.1)   13 (11.2)   4 (3.4)    
   Fourth year or above                                           3 (17.6)     7 (41.2)    3 (17.6)    2 (11.8)    2 (11.8)   
  Frequency of meeting with mentor, n (%)                                                                                     0.090
   At least once a week                                           79 (40.9)    78 (40.4)   20 (10.4)   10 (5.2)    6 (3.1)    
   At least once a month                                          25 (28.7)    38 (43.7)   10 (11.5)   9 (10.3)    5 (5.7)    
   Seldom                                                         10 (22.2)    18 (40.0)   8 (17.8)    7 (15.6)    2 (4.4)    
  Difficulty in publishing doctoral qualification paper, n (%)                                                                \<0.001
   A little bit of effort                                         33 (58.9)    19 (33.9)   1 (1.8)     3 (5.4)     0          
   Some effort                                                    52 (35.1)    66 (44.6)   19 (12.8)   6 (4.1)     5 (3.4)    
   A lot of effort                                                29 (24.0)    49 (40.5)   18 (14.9)   17 (14.0)   8 (6.6)    
  Difficulty in balancing work--family--doctoral program, n (%)                                                               0.001
   Almost none                                                    51 (52.0)    35 (35.7)   7 (7.1)     4 (4.1)     1 (1.0)    
   Some                                                           36 (28.6)    59 (46.8)   18 (14.3)   8 (6.3)     5 (4.0)    
   Great                                                          27 (26.7)    40 (39.6)   13 (12.9)   14 (13.9)   7 (6.9)    

###### 

Sociodemographic and doctoral characteristics by anxiety (n=325)

  Characteristics                                                Anxiety                                          
  -------------------------------------------------------------- ------------ ----------- ----------- ----------- ---------
  **Sociodemographic variables**                                                                                  
  Age (years), n (%)                                                                                              0.114
   ≤25                                                           18 (60.0)    9 (30.0)    3 (10.0)    0           
   26--30                                                        68 (45.0)    55 (36.4)   19 (12.6)   9 (6.0)     
   ≥31                                                           65 (45.1)    45 (31.3)   20 (13.9)   14 (9.7)    
  Sex, n (%)                                                                                                      0.801
   Male                                                          61 (47.3)    41 (31.8)   19 (14.7)   8 (6.2)     
   Female                                                        90 (45.9)    68 (34.7)   23 (11.7)   15 (7.7)    
  Marital status, n (%)                                                                                           0.249
   Married/living with partner                                   74 (44.8)    52 (31.5)   23 (13.9)   16 (9.7)    
   Single/widowed/divorced                                       77 (48.1)    57 (35.6)   19 (11.9)   7 (4.4)     
  Have children, n (%)                                                                                            0.265
   No                                                            95 (48.7)    68 (34.9)   21 (10.8)   11 (5.6)    
   One or more                                                   56 (43.1)    41 (31.5)   21 (16.2)   12 (9.2)    
  Income (CN¥ per month), n (%)                                                                                   0.883
   ≤3,000                                                        87 (47.3)    61 (33.2)   25 (13.6)   11 (6.0)    
   3,001--5,000                                                  13 (43.3)    10 (33.3)   3 (10.0)    4 (13.3)    
   ≥5,001                                                        51 (45.9)    38 (34.2)   14 (12.6)   8 (7.2)     
  **Doctoral variables**                                                                                          
  Employment before doctoral enrollment, n (%)                                                                    0.429
   No                                                            79 (49.4)    54 (33.8)   19 (11.9)   8 (5.0)     
   Yes                                                           72 (43.6)    55 (33.3)   23 (13.9)   15 (9.1)    
  Clinical doctoral students, n (%)                                                                               0.030
   No                                                            97 (50.3)    67 (34.7)   21 (10.9)   8 (4.1)     
   Yes                                                           54 (40.9)    42 (31.8)   21 (15.9)   15 (11.4)   
  Grade, n (%)                                                                                                    0.525
   First year                                                    41 (57.7)    19 (26.7)   8 (11.3)    3 (4.2)     
   Second year                                                   54 (44.6)    43 (35.5)   14 (11.6)   10 (8.3)    
   Third year                                                    49 (42.2)    43 (37.1)   16 (13.8)   8 (6.9)     
   Fourth year or above                                          7 (41.2)     4 (23.5)    4 (23.5)    2 (11.8)    
  Frequency of meeting with mentor, n (%)                                                                         0.017
   At least once a week                                          106 (54.9)   58 (30.1)   19 (9.8)    10 (5.2)    
   At least once a month                                         28 (32.2)    34 (39.1)   16 (18.4)   9 (10.3)    
   Seldom                                                        17 (37.8)    17 (37.8)   7 (15.6)    4 (8.9)     
  Difficulty in publishing doctoral qualification paper, n (%)                                                    \<0.001
   A little bit of effort                                        36 (64.3)    17 (30.4)   3 (5.4)     0           
   Some effort                                                   73 (49.3)    54 (36.5)   14 (9.5)    7 (4.7)     
   A lot of effort                                               42 (34.7)    38 (31.4)   25 (20.7)   16 (13.2)   
  Difficulty in balancing work--family--doctoral program (n,%)                                                    0.001
   Almost none                                                   58 (59.2)    30 (30.6)   9 (9.2)     1 (1.0)     
   Some                                                          58 (46.0)    45 (35.7)   16 (12.7)   7 (5.6)     
   Great                                                         35 (34.7)    34 (33.7)   17 (16.8)   15 (14.9)   

###### 

Correlations among age, AWAI-S, RSES, PHQ-9, and GAD-7 scores

  Continuous variables   Mean    SD      1                                                      2                                                      3                                                      4                                                     5
  ---------------------- ------- ------- ------------------------------------------------------ ------------------------------------------------------ ------------------------------------------------------ ----------------------------------------------------- ---
  Age (years)            31.09   5.27    1                                                                                                                                                                                                                          
  AWAI-S                 113.9   18.53   −0.046                                                 1                                                                                                                                                                   
  RSES                   329.8   68.74   −0.153[\*\*](#tfn2-prbm-12-195){ref-type="table-fn"}   0.300[\*\*](#tfn2-prbm-12-195){ref-type="table-fn"}    1                                                                                                            
  PHQ-9                  7.32    5.92    0.110[\*](#tfn1-prbm-12-195){ref-type="table-fn"}      −0.328[\*\*](#tfn2-prbm-12-195){ref-type="table-fn"}   −0.293[\*\*](#tfn2-prbm-12-195){ref-type="table-fn"}   1                                                     
  GAD-7                  5.85    5.44    0.061                                                  −0.311[\*\*](#tfn2-prbm-12-195){ref-type="table-fn"}   −0.325[\*\*](#tfn2-prbm-12-195){ref-type="table-fn"}   0.880[\*\*](#tfn2-prbm-12-195){ref-type="table-fn"}   1

**Note:**

*P*\<0.05;

*P*\<0.01.

**Abbreviations:** AWAI-S, Advisory Working Alliance Inventory-student version; GAD, Generalized Anxiety Disorder; PHQ, Patient Health Questionnaire; RSES, Research Self-Efficacy Scale.

###### 

Factors related to depression using hierarchical regression analysis

  Controlled, dependent and mediating variables in the three Step Regression         PHQ-9 scores                                                                                                     
  ---------------------------------------------------------------------------------- ------------------------------------------------------- -------------------------------------------------------- --------------------------------------------------------
  **Step 1**                                                                                                                                                                                          
  Age (years)                                                                        −0.105                                                  −0.078                                                   −0.098
  Have children[a](#tfn4-prbm-12-195){ref-type="table-fn"}                           0.035                                                   0.044                                                    0.112
  Employment before doctoral enrollment[b](#tfn5-prbm-12-195){ref-type="table-fn"}   −0.024                                                  −0.071                                                   −0.080
  Clinical doctoral students[c](#tfn6-prbm-12-195){ref-type="table-fn"}              0.067                                                   0.042                                                    0.063
  Grade                                                                                                                                                                                               
   Second year vs first year                                                         0.023                                                   0.029                                                    0.011
   Third year vs first year                                                          0.044                                                   0.042                                                    0.008
   Fourth year or above vs first year                                                0.136[\*](#tfn7-prbm-12-195){ref-type="table-fn"}       0.147[\*](#tfn7-prbm-12-195){ref-type="table-fn"}        0.129[\*](#tfn7-prbm-12-195){ref-type="table-fn"}
  Frequency of meeting with mentor                                                                                                                                                                    
   At least once a month vs at least once a week                                     0.133[\*](#tfn7-prbm-12-195){ref-type="table-fn"}       0.121[\*](#tfn7-prbm-12-195){ref-type="table-fn"}        0.118[\*](#tfn7-prbm-12-195){ref-type="table-fn"}
   Seldom vs at least once a week                                                    0.119[\*](#tfn7-prbm-12-195){ref-type="table-fn"}       0.093                                                    0.049
  Difficulty in publishing doctoral qualification paper                                                                                                                                               
   Some effort vs a little bit of effort                                             0.141                                                   0.130                                                    0.084
   A lot of effort vs a little bit of effort                                         0.325[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}   0.276[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}    0.265[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}
  Difficulty in balancing work--family--doctoral program                                                                                                                                              
   Some vs almost none                                                               0.161[\*](#tfn7-prbm-12-195){ref-type="table-fn"}       0.141[\*](#tfn7-prbm-12-195){ref-type="table-fn"}        0.118
   Great vs almost none                                                              0.256[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}   0.231[\*\*](#tfn8-prbm-12-195){ref-type="table-fn"}      0.195[\*\*](#tfn8-prbm-12-195){ref-type="table-fn"}
  **Step 2**                                                                                                                                                                                          
  RSES                                                                                                                                       −0.211[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}   −0.136[\*](#tfn7-prbm-12-195){ref-type="table-fn"}
  **Step 3**                                                                                                                                                                                          
  AWAI-S                                                                                                                                                                                              −0.257[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}
  *F*                                                                                5.054[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}   5.958[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}    7.419[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}
  Adjusted *R*^2^                                                                    0.142                                                   0.179                                                    0.232
  ∆*R*^2^                                                                            0.177[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}   0.038[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}    0.053[\*\*\*](#tfn9-prbm-12-195){ref-type="table-fn"}

**Notes:**

1, Have no children; 2, have one or more children.

1, Not employed before doctoral enrollment; 2, employed before doctoral enrollment.

1, Not clinical doctoral students; 2, clinical doctoral students. Grade, doctoral grade.

*P*\<0.05 (two-tailed);

*P*\<0.01 (two-tailed);

*P*\<0.001 (two-tailed).

**Abbreviation:** PHQ, Patient Health Questionnaire.

###### 

Factors related to anxiety using hierarchical regression analysis

  Controlled, dependent and mediating variables in the three Step Regression          GAD-7 scores                                                                                                       
  ----------------------------------------------------------------------------------- -------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------
  **Step 1**                                                                                                                                                                                             
  Age (years)                                                                         −0.170                                                   −0.139                                                    −0.158
  Have children[a](#tfn11-prbm-12-195){ref-type="table-fn"}                           −0.003                                                   0.007                                                     0.072
  Employment before doctoral enrollment[b](#tfn12-prbm-12-195){ref-type="table-fn"}   0.008                                                    −0.046                                                    −0.055
  Clinical doctoral students[c](#tfn13-prbm-12-195){ref-type="table-fn"}              0.107                                                    0.078                                                     0.099
  Grade                                                                                                                                                                                                  
   Second year vs first year                                                          0.007                                                    0.015                                                     −0.003
   Third year vs first year                                                           0.011                                                    0.009                                                     −0.024
   Fourth year or above vs first year                                                 0.129[\*](#tfn14-prbm-12-195){ref-type="table-fn"}       0.142[\*](#tfn14-prbm-12-195){ref-type="table-fn"}        0.125[\*](#tfn14-prbm-12-195){ref-type="table-fn"}
  Frequency of meeting mentor                                                                                                                                                                            
   At least once a month vs at least once a week                                      0.163[\*\*](#tfn15-prbm-12-195){ref-type="table-fn"}     0.150[\*\*](#tfn15-prbm-12-195){ref-type="table-fn"}      0.147[\*\*](#tfn15-prbm-12-195){ref-type="table-fn"}
   Seldom vs at least once a week                                                     0.091                                                    0.060                                                     0.018
  Difficulty in publishing doctoral qualification paper                                                                                                                                                  
   Some effort vs a little bit of effort                                              0.128                                                    0.115                                                     0.072
   A lot of effort vs a little bit of effort                                          0.314[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}   0.258[\*\*](#tfn15-prbm-12-195){ref-type="table-fn"}      0.247[\*\*](#tfn15-prbm-12-195){ref-type="table-fn"}
  Difficulty in balancing work--family--doctoral program                                                                                                                                                 
   Some vs almost none                                                                0.151[\*](#tfn14-prbm-12-195){ref-type="table-fn"}       0.128[\*](#tfn14-prbm-12-195){ref-type="table-fn"}        0.107
   Great vs almost none                                                               0.288[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}   0.260[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}    0.225[\*\*](#tfn15-prbm-12-195){ref-type="table-fn"}
  **Step 2**                                                                                                                                                                                             
  RSES                                                                                                                                         −0.242[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}   −0.170[\*\*](#tfn15-prbm-12-195){ref-type="table-fn"}
  **Step 3**                                                                                                                                                                                             
  AWAI-S                                                                                                                                                                                                 −0.246[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}
  *F*                                                                                 5.262[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}   6.614[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}    7.940[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}
  Adjusted *R*^2^                                                                     0.148                                                    0.198                                                     0.247
  ∆*R*^2^                                                                             0.183[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}   0.050[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}    0.049[\*\*\*](#tfn16-prbm-12-195){ref-type="table-fn"}

**Notes:**

1, Have no children; 2, have one or more children.

1, Not employed before doctoral enrollment; 2, employed before doctoral enrollment.

1, Not clinical doctoral students; 2, clinical doctoral students. Grade, doctoral grade.

*P*\<0.05 (two-tailed);

*P*\<0.01 (two-tailed);

*P*\<0.001 (two-tailed).

**Abbreviation:** GAD, Generalized Anxiety Disorder.

###### 

Bootstrapping test of indirect effect of mentoring relationship acting as mediator on association between research self-efficacy and depression/anxiety

  Model   Y       c                                                          a                                                         b                                                          c′                                                       a×b (BC~a~ 95% CI)
  ------- ------- ---------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------- -------------------------------------------------------- ------------------------------
  **1**   PHQ-9   −0.2065[\*\*\*](#tfn21-prbm-12-195){ref-type="table-fn"}   0.2993[\*\*\*](#tfn21-prbm-12-195){ref-type="table-fn"}   −0.2598[\*\*\*](#tfn21-prbm-12-195){ref-type="table-fn"}   −0.1288[\*](#tfn19-prbm-12-195){ref-type="table-fn"}     −0.0778 (−0.1315 to −0.0388)
  **2**   GAD-7   −0.2439[\*\*\*](#tfn21-prbm-12-195){ref-type="table-fn"}   0.2993[\*\*\*](#tfn21-prbm-12-195){ref-type="table-fn"}   −0.2424[\*\*\*](#tfn21-prbm-12-195){ref-type="table-fn"}   −0.1713[\*\*](#tfn20-prbm-12-195){ref-type="table-fn"}   −0.0725 (−0.1227 to −0.0353)

**Notes:** a×b, indirect effect of research self-efficacy on depression/anxiety via mediator mentoring relationship; c, association between research self-efficacy and depression/anxiety; a, association between research self-efficacy and mentoring relationship; b, association between mentoring relationship and depression/anxiety; c', association between research self-efficacy and depression/anxiety after adding mentoring relationship as mediator.

*P*\<0.05;

*P*\<0.01;

*P*\<0.001.

**Abbreviations:** BC~a~, bias-corrected and accelerated; GAD, Generalized Anxiety Disorder; PHQ, Patient Health Questionnaire.
